A novel technique for three-dimensional reconstruction of vascular ultrasound: Initial results  by Patwari, Parth et al.
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NSVT. When the final beat initiated by reentry, NSVT terminated because of 
conduction block or changes in the sequence of aCtivation along the reentrant 
pathway. When the final beat initiated by a focal mechanism, based on the 
absence of intervening ele~icai a~vity from the termination of the preVious 
beat, NSVT terminated because of sudden cesSation of electrical activity 
from the initiation site. Thus, the termination of VT in patients with ischemlc 
heart disease is due to alterations in both reentrant and focal excitation. 
~ Effects of Propafenon on Anisotropic Conduction 
in Individual Muscle Layers of the Intact Canine 
Head 
Alexander Bauer, Kirstan 13. Freigang, Frederik Voss, Ruediger Becket, 
Julia (3. Senses, Johannes Brachmann, Woifgang Schools. University of 
Heidelberg, Germany 
The effect of antlautbythmic drugs on impulse propagation i  the ingot heart 
might depend on fiber orientation and action potential characteristiCS in in- 
dividual muscle layers. This studywas designed to determine the effects 
of pmpalenane (PROP) on local conduction properties in relation to tiber 
odentation and location within the ventdcular wall. In 4 normal dogs, 8 par- 
allel rows of 6 needle electrodes (10 mm in length, 4 bipolar electrodes per 
needle, intemlectrode distance 2 ram, distance between eedles 5 ram) were 
inserted into the anterior left vehiCUlar wall, perpendicular to the left ante- 
dot descending artery, ttmt is, along the tong axis of epb and endocardial 
liters and along the short axis of midmyocanJial fibers. Using a compel* 
edzed multiplexer-mapping system, 192 electregrams were simutlanesusly 
recorded to reconstruct the Spread of activation during constant pacing at a 
cycle-length of 200 ms before (CON) and after application of 2 ms/ks PROP 
intravenously. Conduction velocities (CV) parallel (longitudinal) and perpan- 
dicutar (transverse) to fiber orientation were calculated for the epi- (EPI), 
endCP (ENDO) and midmyocard~al (MID) muscle layer. Absolute values for 
CV before (CON) and after PROP and relative changes (aCV) induced by 
PROP are summarized in the table below. 
CON.Io CON-tr PROP-Io PROP-tr Coy Io ec'v tr 
Epl l.q • 0.1 ' 1,0 :~: 0.1 0.94-0,1 O.S ~: 0,1 0.4±0.9 # 0.1:E 0.1 
Mid 1,1:1:0.2' 1,5:E0.S 0,9:E0.1* 1.0~0.1 0.44-0.2 # 0.14-0.1 
Endo 1.39¢0.2 ~ 1.1:Ee.3 1.0~0.1 1.1:~0.1 O.4.~0A # 0.1~:0,2 
*p < 0.05 longitudinal (Io) v~ transverSe (tr), #p < 0.05 CON vs PROR 
Conclusions: Throughout he ventricular wail, PROP reduces CV more 
markedly in longitudinal than in transverse direction of the fibers. The de- 
crease of directional differences in condustion might represent one meche- 
nlsm of antlarrhythmic drug ac~on, aS petential prerequisites for anisot~pl¢ 
reentry are being abolished. 
~ Electrophyslelogl~i Properties of Individual 
Muscle Layers in the in Vivo Canine Heart 
Kirsten O. Fraigang, Ruedigar Backer, Alexander Bauer, Frederik Voss, 
Julia Sengee, Johannes Brechmann, Woffgang Schoels. University of 
Heidelberg, Germany 
Based on In vitro studies, different electrophysiologlcal properties have been 
dessflbod for epb, code- and midmyocardlal layers of normal ventricular 
muscle. The relevance of these findings for the situation in vivo is still un- 
clear. Following radiotrequency ablation of the AV node, 60 pin electrodes 
(1 cm in length, 4 bipolar electrodes per pin, interelectrode distance 2 ram) 
were inserted into the left (LV) and dght (RV) ventricle (distance between 
pins 5-10 ram) of 5 normal dogs, Using a computerized mapping system, 
three.dimensional activation maps of both ventricles and two-dimensional ac- 
tivation maps of individual muscle layers (2, 4, 6 and 8 mm in depth) dudng 
ventricular pacing at a cycle*length of600 ms were reconstructed from 240 
or 60 simultaneously ret~rded eleCtrsgrams, respectively. Activation times 
(AT) for individual layers were calculated on the basis of the activation map, 
Local effective refracto~ periods (ERP) at 64:1:8 randomly selected sites 
were determined with the extrastimulus technique (basic wde length 1000 
me). The difference between the longest ERP and the shortest ERP was 
defined as dispersion (DISP) of ERR 
Them was no marked difference in the general activation pattern of individ- 
ual mu~;¢le ayers. Dalton AT and local ERPs for individual muscle layers (1- 
4) of both ventricles are summarized in the table (basic cycle length 1000 ms). 
AT ms DISP ERP ms 
LV RV LV RV LV RV 
1 56:E 11 60:E 13 244-5 30;~ 13 216±15 220:J: 23 
2 60~14 6~9 314-13 32:i: 19 2t4~21 2t7±25 
3 65:~ 12 57 :~9 284-15 2'i ~16 212 + L-'0 2t4±24 
4 594-14 54~5 25'~-21 29~:5  214:1:18 2194-23 
Conclusions: In the normal in vivo canine heart, individual muscle lay- 
ere seem to exhibit relatively uniform electrephysiologlcal prepedies. Thus, 
transmural gradients of conduction or refractoriness facilitating reentry are 
unlikely to oCcur, 
Magnetic Resonance Imag!ng in 
- - Adenosine.Sensitive Ventrl¢ular Tachycardla 
Stuven M. Markowitz, Bonnie L, Ltlvak, Elizabeth A. Ramirez de Amllano, 
John A, Marktsz, Kenneth M, Stein, Bruce B, Lerman, New York Hosl~#al 
Comell Medical Center, New York, NY 
Adenesine*sensitive nfricular tachycardia (VT) is thought o be due to 
cAMP mediated triggered activity, It typically originates from the RVOT and 
is associata¢l with apparently nl hearts. Using MRI, we tested the hypothesis 
that RVOT l~ehycardia occurs in ptS without Structural heart disease. 
Results: t2 pts (age 45 ± 18, range 7--65, 7 F) presented with sustained 
VI" (5), or repetitive monomorphic VT (7). MOrpholOgy was LBBB in 10 and 
RBBB in 2. All pts had inducible VT that was identical to clinical tachycardia 
and mapped to the RVOT in 6, RV apex in 1, and ssptal LV outflow tract 
in 3. VI" was sensitive to adenosine (12/12), regal maneuvers (9110), and 
verepamit ~719). Echocardiography was nl in 8i9 and revealed MvP in the 
Other lot. Cardiac angiography and left vantdcutography were nl in 5/5. Gated 
MRI with cfne images was nl in 5/12. AbnOmtelifias in the remaining 7 p~ 
included focal thinning of the RV free wall or apex (5), regional dyskinesis 
(3), and fatty Infiltration of the RV free wall or septum (4). There was a poor 
correlation between location of abnormalities by MRI and the site of origin of 
VT. MRI scans in age end sex matched controls were normal. 
Conclusion: 1) PIs with VT due to cAMP-mediated triggered activity may 
cOmprise a heterogeneous greup as assessed by MRI. 2) Fatty infiltration 
of the RV is not a specific finding 1or arrhythmogan/~ RV dysplasla. 3) The 
signiticanca of these stnJctural abnormalities i Uncertain since they often do 
not correspond to the site of VT odgin. 
~ DiSsociation Among indices of Sympathetic 
Nervous System Tone at the  S inus  Node,  
Ventricular, and Peripheral Levels 
Thomas Ktmg, Jeffrey Gotdbergar, Jerry Weiss, Michsle Parker, 
Alan KediSh. Northwestern Unfvet~ity MediCal School, Chicago, IL 
We have previoualy shown that circadian variation in ventticolar refractori- 
ness (VERP) is abolished by ,8 bleckade, and thus the magnitude of VERP 
can serve as an index of vantricutar/~ edrenergic tone, To examine the rela- 
tionship among indces of p adrenergio tone at the sinus node, vantri~lar and 
peripheral levels, S subjects with permanent pacemakers and normal LV and 
sinus node funotion underwent hourly measurement o! VERP non.invaaivety, 
heart rate variability (HRV) and plasma epinephrine (Epi) and noreptnephrine 
(Norepi) levels over 24 hours. Sinus node sympathetic tone was estimated 
by spectral analysis of HRV (low to high frequency power ratio; LF/HF), and 
VERP was normalized. Separate regression analyses were performed for 
eaoh pair of dependant-independent variables and including in addition vari- 
ables cOding for repeated measures in each SubjeCt. R 2 values are shown 
for each analysis model (~ncluding the coding variables) and p values are 
shown for each dependent-independent vadable pair. Results: 
__Dependent variable (ndependent vafiabl~ R 2 p value 
VERP Ep| 0,24 < 0,0001 
Norepl 0.33 0,001 
LF/HF 0,23 O.O0? 
LF/HF Epi 0,27 0,0005 
Norspl 0.18 0.99 
Conclusions: 1 ) Indices of sympathetic tone at various levels of the ca~lio- 
vascular system are significantly but weakly correlated suggesting ~¢lional 
differences in the magnitude of sympathetic outflowleffe,.-.t 2) Extrapolation 
of the magnitude of ~ adrsneegic tone from one level to another may not be 
appropflate in all circumstances, 
~ Effect of Flecalnlde on Endocardlal Activation In 
an Intact Canine Model Using Non.Contact 
Unipolar Electrograms 
Stuart W. Adler, Jeffrey R. Budd, Brian D. Pedemon, Charles C, Gomlck, 
University of Minnesota anti VAMC, Minneapolis, MN 
The class lc drug flecalnida (FLEC) produces oonductian slowing in cardiac 
tissue. The regional effects of the drug have been measured on the epicardiat 
sudace or tram limRed endocardial locations. However, no previous studies 
have examined the effect of FLEC on global LV endocardial ctivation (END- 
ACT) in the intact heart, 
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We etudied the effe~'t of FLEC on END.ACT in 2 open chest dogs us* 
ing a non.centa= mu~.electrode array (MEA) catheter sy=tem. The MEA 
uses 2500 vi~at ele~rograms to reconstruct isochronal END-ACT. A bipolar 
plunge (PLUNGE) electrode was passed through the LV apex and secured 
at an endoeardlal site, The MEA catheter was inserted via the femoral artery 
and deployed in the LV cavity, END-ACT was recorded dudng sinus rhythm 
and Pro pacing at the PLUNGE site. thtravenous FLEE; was infused to pro- 
duce a 25% increase in QR$ duration, The END-ACT was recurded in Sinus 
with PLUNGE PVC pacing post FLEC, 
Resu~: In sinus FLEC uniformly slowed END-ACT, In cozY~ast, END*ACT 
after a PVO showed n0n-uniform spread as well as marked slowing creating 
areas of block as shown below: 
Pr~-FLEC Base ~ Post-FLEC Base 
p = pace site AI~X 
Conclusion: FLEC can produce non-uniform slowing of END-ACT in the 
intact canine heart as demonstrated by high resolution on*(~ontact isochronal 
mapping. FLEC ability to cause non-unitorm cunduCtion could create the 
subotmto for reentrant circuits. 
[ •  New Techniques in Echo 
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~A Novel Technique for TIIree.Dlmensional 
Reconstruction of VaSCular Ultrasound: Initial 
Results 
Perth Patwad, Sandra C, Cart, Michael J. Vonesh, James $. 1". Yao, David 
D. MePherson, Northwestern University, Chicago, Illinois 
Previous methods Of transcutaneeus vascular ultrasonic three-dimensional 
reconstruction (3D/3DR) have difficulty identifying hue artedal structure due 
to restricted probe movement in the position registration device. We have 
developed a new method of vascular 3DR that allows unrestricted probe 
motion using "Rock of Birds" technology. A small magnetic field sensor 
attached to the probe reports 3D image position and orientation relative to 
a fixed magnetic field generator. EGG gated images are accurately aligned 
and a 3D matrix is formulated. Technique feasibility and accuracy were 
determined with in vitro vascular phantoms of varying geometry (n = 7), 
in vitro postmortem lilac bifuCationS (n = 3), and in vivo normal carotid 
bifurcations (n = 4). In order to quantify the spatial accorscy of the system, 
variance of image data from the computed 3D canterlice was determined. 
Results: Reconstructions of all phantoms demonstrated excellent geomet- 
ric representation with volumes and areas within 5%. The Spatial error Of the 
system was 0,3 :E 0,2 mm (mean • SO), n = 45. In rive ~otid 3DR, includ- 
ing the bifumation, internal, and extomal segments demonstrated excellent 
struoturat resolution, 
This novel techhlque provides accurate vascular 3DR using t~anscuta- 
nsous ultrasound. Features that facilitate clinical appli~tion include unre. 
slricted probe manipulation, ease of use, and corr~tibifily with commercial 
ultrasound units. 
~ A  Onmlptane Phased-Array New Transthora=lc 
Transducer Aids In Easier Data Acquisll ion for 
Voiume-Rendersd 3*Dlmenstanal 
Eohocerdiography and Also Provides Newer 
2-Dimensional Imaging Planes: Description and 
Early Clinical F_xper i~ 
Liesa 5ugeng, Qi*Ung Gag, Hubert Young, Marjo=y Caldeira, 
Alaln Dalabays, Gerald Marx, Mani Vannan, Sloven Schwartz, 
Natesa Pandlan. Tufts.New England Medical Center, Boston, Mass 
Performance of tPansthomcic (TTE) 3-Dimensional echo~'~ography (3DE) 
has So far required mounting motorized extomal carriage.devices onto con- 
vantional tranedu~ers. Recently a new 5/3,7 MHz phased*array tran~.thoracic 
Omni/olane transducer (OmniTTE), with ~ i f i ty  for Image plane steering 
thrqugh 180 degrees, has been developed. We explored its TTE potential 
in 80 lots and 3DE potential in 25 pts (infants and adultS). Interfaced to the 
ultrasour~ unit (HP), powered by a dedicated software, we were able to 
perform multiptane 2*D, spectral Doppler and color Doppler "I-I'E from many 
windows. OmnffTE yielded, on-line a multitude of intermediate images dis. 
playing cardiac almctures in newer 2-D planes in all pts. Employing aspecially 
devetoped algorithm that yields 2-D data collectlon at desired angle incre- 
ments, we were also able to accomplish 3DE in all 25 pts attempted, either 
by stodng 3-0 data in the optical disc of the system and later processing, 
or by directly impo~ng data to a 3D image processor (TomTec). OmniTrE 
allowed us to collect images without he cumbersome need of connecting 
external motar.davicos and aided in developing dynamic 3DE tissue and flow 
reconstructions that displayed a variety of pathology (valvular abnormalities, 
sl~unt lesions, congenital maltorroattons) in unique image projections, We 
conclude that the new OmnffTE capability expands the versatility of TTE 
and also provides an easier, faster and integrated way of data collection, 
storage arid transfer for 3-D ~ogrsphy .  
~Can Color Kin esis Assess Drug-induced 
Variations in lemporal Patterns of LV Systolic and 
DiastOlic Endocardial Motion? 
Victor Mor.Avi, Philippe Vignen, Kirk Spencer, Lynn Weinert. Rick Koch. 
Robedo Lang, University of Chir~ga. Chicago IL 
Color KInesis (CK), a new echocardingraphlc techsolngy, provides en@ 
systolic (ES) or end.diestolic (ED) color-encoded images of the LV, wherein 
color layers reflect endocardial motion frame4~*frame. We investigated 
whether quantitative segmental analysis of these images may assess the 
temporal patterns of endocardial motion. CK images were ob~ned in 7 nor- 
real subjects under (1) control cond~ons. (2) Esmotal (Esm, 200 .g/kg/min), 
(3) Dobutamine (Dob, 15 ~ffkg/min). ES and ED CKimages were segmented 
using custom software. In each segment, colored pixels corresponding to 
each consecutive time frame were counted and normalized by ED LV cavity 
area to obtain regional fractional area change (FAC) as a function of time. 
Half-time of contraction/relaxation was also computed. Results. Dot) and 
Esm altered the timing of peak FAC and the half-time in opposite directions 
(figure, p < 0,05). 
~'°lBl= 
Conclusion. Quantita~e segmental analysis of CK data allows accurate 
n0ninvesive assessment of the timing of endocardial motion throUghout the 
cardiac o/de. 
Novel Methodology for Echocerdiographle 
. . . . .  Quantification of Cardiac Shape 
sammy Y. Chan, G.B. John Mancini, Yuling Fu, Danyl W. O'Bden, Paul 
W. Am~tmeg, University of Alberta, Edmonton ~ UBC, Vancouver, Canada 
Cardiac shape is an important pathophysfalogic adaptation which has prog- 
nestle implications. Cutxent measurement techniques am limited in their 
ability to adequately characterize shape. Accordingly, we adapted regional 
cufvaturs analysis to echoce~diogrsphfo imaging in 17 normat mongrel dag¢ 
O~inss of left ventdcuiar endocqzdial borders from apical 4~chamber views 
were traced clockwise item basal vent~cuiar septum to basal lateral free wall 
at end.systole and end-diastale. Regional curvatures of di~t~dly transformed 
outlines were calculated Jeing specifically designed software. The apex was 
selected and the vantricular outline divi~ed into 100 points. 
